Abstract. Lumbar bone mineral densities (BMD) and total bone mineral densities (TBMD) were examined in 779 Japanese children and adolescents aged 6 to 22 years. Peak bone masses assessed by lumbar BMD (BMDL2-4) were 1.05 ± 0.12 g/cm 2 in females aged 18-20 years, and 1.07 ± 0.11 g/cm 2 in males aged 20-22 years. Taking into consideration Seino's data, we made a standard curve for BMDL2-4 for both sexes. Applying the standard curve for BMDL2-4, we calculated incremental values of BMDL2-4 every 3 months. Maximum increase rate of BMDL2-4 for 3 months was 0.020 g/cm 2 in females at age 11 yr 3 months, and 0.018 g/cm 2 in males aged 13 yr. Changes in BMD in both sexes in 10 regions including head, both arms, bilateral ribs, thoracic-spine (T-spine), lumbar-spine (L-spine), pelvis and both legs in subjects from 8 to 18 yr old were also measured. BMD for the head was highest among the ten regions. BMD in the arms, legs and spine did not differ in children under 10 yr of age. BMD in the right arm was higher than that in the left arm in both sexes from age 11 yr.
Introduction
It has been suggested that the single best predictor of bone status in later life may be bone density in early years (1, 2) . Assessment of bone mineral status in children and adolescents has important clinical implications (3) (4) (5) (6) (7) (8) (9) . Children who do not acquire an optimal level of bone mass at maturity may be at greater risk of suffering skeletal fragility and osteoporosis with aging (10) . S e v e ra l c r o s s -s e c t i o n a l s t ud i e s l e d t o documentation of data by dual-energy X-ray absorptiometry (DXA) for the lumbar spine and proximal femur (4, 5, (11) (12) (13) . Geusens et al. (14) reported total body values with dual-photon absorptiometry (DPA) for subjects 3-25 years of age. Theintz et al. (6) , Bonjour et al. (7) and Lu et al. (8) reported that BMD of the lumbar spine increased significantly with age until 16 years in females and 18 years in males.
Total body bone mineral content (TBMC) is thought to be more accurate than other anatomical region measures in estimating general bone mass (15) and shows a correlation with total body calcium content (16) . Normal TBMC data are thus required to identify and assess children and adolescents with deficiencies in physical development. Rico et al. (17) (18) . We describe here BMD of the lumbar spine (BMDL2-4) and TBMD values in healthy Japanese children, determined by DXA.
Materials and Methods
The 779 healthy Japanese children (410 girls and 369 boys) were studied included 349 in elementary school (ages 7-12), 220 in junior high school (ages [13] [14] [15] , 98 in high school (ages [16] [17] [18] and 112 in college (ages [19] [20] [21] [22] . Written informed consents after detailing the objective and investigational procedure of this study were obtained from both subjects and their parents. Height, weight and blood pressure were measured by standard procedures. Age was determined precisely to the decimal age value.
Bone mineral assessment
Measurements of body composition included the bone mineral content of ten regions. TBMC and TBMD were determined in ten regions (head, both arms, bilateral ribs, thoracic-spine (T-spine), lumbar-spine (L-spine), pelvis and both legs). BMD (g/cm 2 ) was also calculated from the BMC (g) and area (cm 2 ). These values were determined with a QDR-2000, a product of Hologic Co., Ltd., in the pencil-beam mode (12) . For the lumbar-spine, BMC (g) and BMD (g/cm 2 ) were calculated in L2-L4. The following exclusion criteria were applied: no parental approval; weight below -2 SD or above 2 SD for chronological age; chronic disease, gastrointestinal disease with medical history of malabsorption; congenital or acquired bone disease; chronic drug consumption.
Results
Mean ± SD values in this study for age, height and weight were 11.8 ± 2.8 years, 147.6 ± 9.8 cm and 40.1 ± 10.2 kg for girls, and 11.1 ± 3.1 years, 143.0 ± 11.2 cm and 36.3 ± 12.1 kg for boys, respectively. Lumbar BMDL2-4 for ages 6 to 22 years is shown for both sexes in Fig. 1 (Mean ± SD). Table 1 . According to the standard curve for BMDL2-4 ( Fig. 2 and Table 1) , we calculated incremental values of BMD for every 3-month period. Maximum increase rate of BMDL2-4 for the 3-month period was 0.020 g/cm 2 in females aged 11 yr 3 months, and 0.018 g/cm 2 in males aged 13 yr (Fig. 3) .
Changes in BMD in both sexes in individual regions of subjects aged from 8 to 18 yr are shown in Fig. 4 , Tables 2 and 3. Incremental ratio of BMD BMD for the head was highest among the regions. BMD in the arms, legs and spine did not differ in children under 10 years of age. BMD in the right arm was higher than that in the left arm in both sexes aged from 11 yr. Approximately 90% of Japanese children are right-handed. BMD showed a relatively slow increase during ages 6 and 11 years, regarding the head, arms and ribs. A gradual increase was seen in the T-spine, L-spine, pelvis and legs from age 12 yr. In particular, in subjects over 12 years of age, BMD in the T-spine, L-spine and pelvis in girls were higher than those in boys, but BMD in arms and legs were lower. At age 11 yr, BMD in the legs were about twice as high as in the arms in both sexes. Although, the incremental ratios of BMD in arms and legs were less than 20% in both sexes, those of ribs, T-spine, L-Spine and head were more than 23% in boss sexes. The incremental ratio of BMD (∆BMD) in the pelvis was 17.5% in females and 25.6% in males.
Discussion
BMDL2-4 and TBMD can serve as reference values for children, based on chronological age and using the Hologic array mode. It has been suggested that TBMD is a better indicator of bone status than any other technique for studying normal and pathologic individuals (15) . Earlier studies suggest that there is little difference in bone mineral status between females and males, up to puberty. Geusens et al. found no gender differences in BMD or BMC in the lumbar spine, arms and legs, or in TBMC and TBMD in children aged 3 to 9 years (14). Glastre et al. (12) found no marked differences in BMD until about age 12 years when girls had a surge in BMD; boys had a marked increase in BMD at age 13 yr. Between the ages of 10 and 15 yr, however, the BMD of the lumbar spine was significantly greater in girls (6) (7) (8) , as in our study. Between age 11 and 15 girls had greater BMD, but values for boys caught up with those for girls by age 16. In our study, it was significant that the maximum increase rate of BMDL2-4 for 3 months was 0.020 g/cm 2 in females aged 11 yr 3 months, and 0.018 g/cm 2 in males aged 13. A gradual increase was found in the T-spine, L-spine, pelvis and legs from age 12. In particular, BMD in the Tspine, L-spine and pelvis in girls were higher than in boys, but BMD in the arms and legs were lower from 12 yr of age.
Faulkner et al. seems to have been the first to apply soft tissue values to predict TBMD (18) . Their results indicate that bone-free lean tissue is a more important predictor of TBMD in girls and boys; weight did not account for any additional variance in predicting TBMD. Conversely, other studies with DPA or DXA (14, 20, 21) found that body weight significantly correlated with TBMD. Those authors also reported that height and age significantly correlated with TBMD. Faulkner also found that age and height accounted for significant variances in predicting TBMD in girls, but not in boys, and that body weight and fat tissue did not account for any additional variance in predicting TBMD in either group (18) . Doyle et al. (22) found psoas muscle weight to be the most important predictor of vertebral ash weight. Other workers have reported increased muscular strength (which is related to muscle mass) to be positively associated with bone density (23) . We found that BMD in the right arm was higher than that in the left arm in both sexes from age 11 yr. Thus, before prepubertal age, physical activity (24) as well as calcium supplementation (25) are necessary to gain peak bone mass.
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